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Remarks 

Claims 14-36 are pending in the subject application and are currently before the Examiner. 
Favorable consideration of the pending claims is respectfully requested. 

Claims 14-36 are rejected under 35 U.S.C. § 112, first paragraph, as nonenabled by the 
subject specification. The Office Action argues that the as-filed specification fails to enable the 
claimed invention and that undue experimentation would be required to practice the invention as 
claimed. Applicant respectfully asserts that the claims are enabled by the subject specification and 
traverse the rejection. 

When rejecting a claim under the enablement requirement of section 1 1 2, the examiner bears 
the "initial burden of setting forth a reasonable explanation as to why [he/she] believes that the scope 
of protection provided by [the] claim is not adequately enabled by the description of the invention 
provided in the specification." In re Wright, 999 F.2d 1 557, 1 562, 27 USPQ2d 1 5 1 0, 1 5 1 3 (Fed. Cir. 
1993). Further, to object to a specification on the grounds that the disclosure is not enabling with 
respect to the scope of a claim sought to be patented, the examiner must provide evidence or 
technical reasoning substantiating those doubts (Id; and M.P.E.P Section 2164.04) and without a 
reason to doubt the truth of the statements made in the patent application, the application must be 
considered enabling. In re Wright, 999 F.2d 1557, 1562, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993); 
In re Marzocchi, 439 F.2d 220, 223, 169 U.S.P.Q. 367, 369 (C.C.P.A. 1971). 

Applicant respectfully submits that the as-filed application teaches the specific types of 
interferons that are to be administered to an individual with SARS, the amounts of interferons and 
ribavirin that are to be administered to individuals with SARS and the modes and/or timing for the 
administration of the interferons and ribavirin (see as-filed specification at pages 7-8 and 13-15). 
Thus, adequate teaching exists within the as-filed specification as to how one skilled in the art is to 
practice (use) the claimed invention. Thus, contrary to the arguments proffered in the Office Action 
at page 3, adequate teaching as to the identity of the interferon to be administered as well as the 
routes of administration and dosages are provided in the as-filed specification. Applicant further 
notes that the Office Action also argues that post-filing date literature suggests that neither IFN nor 
IFN/anti- viral treatments are effective for SARS infections and that this supports a finding that "the 
type and amount of experimentation regarding developing effective IFN therapies now verges on 
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non-routine; similarly, co-administration of an additional, effective antiviral with IFN awaits 
development of effective anti-S ARS-CoV therapeutics." However, no supporting evidence for these 
assertions is provided in the Office Action. As such, Applicant respectfully submits that the Office 
Action fails to provide any evidence supporting the arguments that the instant application is not 
enabled and that the Examiner has not met his burden of establishing that the claimed invention is 
not enabled. Accordingly, reconsideration and withdrawal of the rejection is respectfully requested. 

Claims 14, 17, 18, 25-29, 32, and 33 are rejected under 35 U.S.C. § 103(a) as obvious over 
Higgins et al. in view of Ksiazek et al. (2003), Arnason (1999), and Weinstock-Guttman et al. 
(2000). The Office Action states that Higgins et al. teach use of purified, recombinant human 
interferon to prevent or treat the human coronovirus, 229E. Ksiazek et al. teach that a coronavirus, 
SARS-CoV, is the etiologic agent of SARS. Arnason teach that IFN-0 is effective if administered 
subcutaneously while Weinstock-Guttman et al. teach that it is also effective if administered 
intramuscularly. Applicant notes that the teachings of Weinstock-Guttman et al. and Arnason et al. 
are directed to the use of interferon-P for the treatment of multiple sclerosis and its subcutaneous or 
intramuscular administration. Claims 15, 16, 19,20, 30,31, and 34-36 are rejected under35U.S.C. 
§ 103(a) as obvious over Higgins et al. (1983), Ksiazek et al. (2003), Arnason (1999), and 
Weinstock-Guttman etal. (2000) as applied to claims 14, 17, 18, 25-29, 32, and 33 above in further 
view of Albrecht (WO 99/151943, 1999). The Office Action states that an ordinarily skilled artisan 
would have been motivated to use interferon in combination with ribavirin for the treatment of 
SARS because no treatment for SARS was available at the time and interferon/ribavirin had 
previously been used to treat another RNA virus. Applicant respectfully asserts that the claimed 
invention is not obvious over the cited references. Accordingly, reconsideration and withdrawal of 
the rejection under 35 U.S.C. § 103(a) is respectfully requested. 

Claims 21-24 are rejected under 35 U.S.C. § 103(a) as obvious over Higgins et al. (1983), 
Ksiazek et al. (2003), Arnason (1999), Weinstock-Guttman et al. (2000), and Albrecht (1999) as 
applied to claims 14-20 and 25-36 above, in further view of Chang et al. (U.S. Patent No. 
5,723,125), Higgins et ah, Ksiazek et al., Arnason, Weinstock-Guttman et al., and Albrecht. The 
Office Action indicates that an ordinarily skilled artisan would have been motivated to use 
interferon/immunoglobulin chimeric protein for the treatment of SARS because no treatment for 
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S ARS was available at the time and interferon/IgG had previously been used to treat another RNA 
virus. Applicant respectfully asserts that the claimed invention is not obvious over the cited 
references and traverses each of the rejections on the following grounds. 

As the Patent Office is aware, one skilled in the art must have a reasonable expectation of 
success in carrying out the claimed method. See Medichem, 437 F.3d at 1 164; Noelle v. Lederman, 
355 F.3d 1343, 1351-52 (Fed.Cir.2004); Brown & Williamson Tobacco Corp. v. Philip Morris, Inc., 
229 F.3d 1120, 1121 (Fed.Cir.2000). In the case of the rejections of record, it is respectfully 
submitted that the teachings relied upon in establishing the rejection would not have provided one of 
ordinary skill in the art with a reasonable expectation of successfully carrying out the claimed 
invention, particularly in view of the arguments proffered in the enablement rejection issued in this 
matter. However, it is also noted that a post-filing date reference provides evidence that the claimed 
methods of treatment provide unexpected results. As noted in De Albuquerque el al. (J. Virol. , 2006, 
80:10384-10394), a copy of which is attached hereto, treatment of animals in a model of SARS 
resulted in improved survival of animals (see Abstract). Accordingly, it is respectfully submitted 
that the claimed invention is not obvious over the cited combination of references and 
reconsideration and withdrawal of the obviousness rejections of record is respectfully requested. 

Applicant expressly reserves the right to pursue the invention(s) disclosed in the subject 
application, including any subject matter canceled or not pursued during prosecution of the subject 
application, in a related application. 

Applicant believes that the currently pending claims are in condition for allowance, and such 
action is respectfully requested. 

The Commissioner is hereby authorized to charge any fees under 37 CFR § § 1 . 1 6 or 1 . 1 7 as 
required by this paper to Deposit Account No. 19-0065. 
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Applicant invites the Examiner to call the undersigned if clarification is needed on any of this 
response, or if the Examiner believes a telephonic interview would expedite the prosecution of the 
subject application to completion. 



Respectfully submitted, 

Frank C. Eisenschenk, Ph.D. 
Patent Attorney 
Registration No. 45,332 
Phone No.: 352-375-8100 
Fax No.: 352-372-5800 
Address: P.O. Box 142950 

Gainesville, FL 32614-2950 



Attachment: De Albuquerque et al. , 2006 
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Severe acute respiratory syndrome (SARS) is a life-threatening infectious disease which has been difficult to 
study and treat because of the lack of ;i readily available animal model. Intranasal infection of A/J mice with 
the coronavirus murine hepatitis virus strain 1 (MIIV-1) produced pulmonary pathological features of SARS. 
All MHV-l-infected A/J mice developed progressive interstitial pneumonitis, including dense macrophage 
infiltrates, giant cells, and hyaline membranes, resulting in death of all animals. In contrast, other mouse 
strains developed only mild transitory disease. Infected A/J mice had significantly higher cytokine levels, 
particularly macrophage chemoattractant protein 1 (MCP-l/CCL-2), gamma interferon, and tumor necrosis 
factor alpha. Furthermore, FGL2/flbroleukin mRNA transcripts and protein and fibrin deposits were markedly 
increased in the lungs of infected A/J mice. These animals developed a less robust type I interferon response 
to MHV-1 infection than resistant C57BL/6J mice, and treatment with recombinant beta interferon improved 
survival. This study describes a potentially useful small animal model of human SARS, defines its pathogen- 
esis, and suggests treatment strategies. 



Severe acute respiratory syndrome (SARS) was first diag- 
nosed in China in November 2002 and quickly spread to 
Hong Kong, Singapore, Vietnam, Taiwan, and Canada (15, 
20, 42). SARS was documented in approximately 8,000 per- 
sons globally and resulted in over 700 deaths. Outbreaks in 
research laboratory personnel and the recent discovery of a 
new reservoir of the etiologic virus argue that further out- 
breaks will arise (21). 

The causative agent, SARS coronavirus (SARS-CoV), best 
fits within group 2 coronaviruses, which include the mouse 
hepatitis viruses (MHV) (6, 12, 15). The clinical severity of 
SARS varied considerably, presumably because of the genetic 
diversity of the host immune response (26). Considerable vari- 
ation among SARS patients with respect to circulating viral 
load and patterns of SARS-CoV-evoked cytokine responses 
have been rep i i i serui i levels ol gan in t i tci 

feron (IFN-y), IL-10, CXCL10 (IP-iO), CCL5 (RANTES), and 
CXCLS (IL-S) were elevated in most patients(54). However, 
the underlying pathogenetic mechanisms have not been clearly 
elucidated. 

At present, no effective therapeutic strategies have been 
developed for SARS. Treatments initially used during the last 
outbreak of SARS included ribavirin and corticosteroids (38, 
46). Subsequently, hyper-immune globulin, protease inhibitors, 
and IFNs were considered as alternative optioirs for treating 
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SARS patients (57). Two groups, including our own, showed 
potential effectiveness for IFN in SARS (2, 27). In one study, 
IFN-ct was shown to inhibit viral replication in vitro and to 
ameliorate disease in vivo. In a second study, our group dem- 
onstrated the potential efficacy of IFN-a in the treatment of 
SARS-infected patients (27). 

Coronaviruses are known to cause a broad spectrum of dis- 
eases in animals, including pneumonia, hepatitis, nephritis, 
enteritis, and encephalitis. The type and severity of disease are 
influenced by the age and genetic background of the host, the 
route of infection, and the coronavirus strain (58). Members 
of the Coronaviridae family share replicative and transcrip- 
tional features. In humans, coronaviruses were thought to 
only cause upper respiratory infections and have only been 
rarely implicated in lower respiratory tract infections (33). 
Unlike influenza virus, human respiratory coronaviruses, 
other than SARS-CoV, do not cause epithelial cell necrosis. 
Thus, the SARS-CoV must have distinct characteristics 
leading to its unique pathogenicity. 

MHV has served as a model for dissecting the viral and 
immunologic determinants of coronavirus disease (3, 28, 41, 
53, 55). Extensive analysis of A59/JHM chimeric viruses has 
demonstrated that, while the spike gene is a major determinant 
of tropism and virulence in the central nervous system (39, 40), 
other viral genes play major roles in determining the ability to 
infect the liver (34) as well as the type and extent of both innate 
and T-cell responses induced (44). Infection of mice with re- 
combinant viruses in which the replicase genes of JHM and 
A59 have been exchanged demonstrates that the presence of 3 ' 
structural genes rather than the replicase determines the dif- 
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ferences in tropism and virulence between these strains (23). 
We have demonstrated that the m ro 1 igt pr< hn ibi 
FGLZ-'fibrolcukin is an important determinant of disease in 
MHV-3-induced fulminant hepatitis and that the coronavirus 
nucleocapsid gene mediates much of its effect by inducing 
FGL2/frbroleukin (30, 36, 37). The MHV E gene is an inducer 
of apoptosis (1), the M gene of TGEV coronavirus is an in- 
ducer of IFN-a (22), and expression of the HE protein en- 
hances the neurovirulence of a virus expressing the MHV- 
JHM spike (18). Resistance to MFTV has been shown to 
involve both the lost inn < I m m e immune systems (29, 
47, 53, 56). Animals susceptible to MiJV-3 generate an early 
increased proinflammatory response and predominant Th2 cy- 
tokine profile leading to activation of coagulation and tissue 
necrosis, whereas resistant animals generate a predominant 
TH1 immune response leading to production of cytotoxic T- 
lymphocyte and protective B-cell responses (4, 35, 41). In a 
comparison of a highly neurovirulent recombinant JHM with 
the weakly neurovirulent A59, the high lethality of the former 
is associated with an inability to induce a robust CD8T cell 
response (44). These studies <cr.c as an excellent background 
for the study of a SARS model in mice. 

None of the reported models of SARS produce lung pathol- 
ogy similar to that seen in humans and thus are best suited to 
studying the inhibitory effects of antiviral agents. In this report, 
we demonstrate that MHV-1 infection of inbred strains of mice 
produces a lethal SARS-like disease in A/J mice with features 
similar to those found in human patients, whereas other mouse 
strains including C57BL/6J mice fully recover. We further de- 
fine differences in cytokine and type I IFN responses in resis- 
tant and susceptible mice and confirm a role for IFN in treat- 
ment for the viral disease. 



MATERIALS AM) METHODS 

Mice. Femate BALB/eJ, C57BL/6J A/J, and C3H/St mice 6 to 8 weeks of age 
(Chailes River Labia allot ies ami Jackson Laboratories) were maintained in mi- 
iTiriMikilecl rages and housed in ilir animal colony at Toronto General Hospital. 
University of Foror.lo. and fed .iand.ud lab chow diet ai:d water ad libitum. All 
protocols were approved i>v the Aaiatal Welfare Committee. 

Virus. Parental viruses MHV-3, MHV-A59, MHV-JHM, MHV-S, and 
MHV-1 weic obtained I'rorn the Aaienean Type (Till e re Collection., Manassas, 

l it 111 

Supcrnalanls were colicclcd and subsequently stored tit - Nil (' until used Mice 
were infected with 5,000 PFU intranasal!)' unless otherwise stated. 

Cells. The origins and grmv.li of I 7C1-1, 1,2, and LWW cells have been previ- 
ously described (48). 

Viral infection and IFN-p treatment All vara! infection studies were per- 
formed in a vis I ion o. r Mi n t ' til b, intraperitoneal 
injection nit i 11 ' p 1 In l i rid i I l i 1 I I d la u I 

normal saline. Immediately, mice received an inltanasal inoculation of a x lie' 
PFU MIIV 1 n ail e l ) 1 lc s n I 1 nt It i i t h i is 

(5 X lib PHI) was insiillei - . inlo the nares, and mice were observed until tire virus 
was inhaled. Mice were monitored daily for symptoms oi disease, including 
ruffled fur, tremors, and lack of activity. Addu tonally, three groups of 10 A/J mice 
ill each were infected inlrtmusally Willi \I1IV-I and either mock treated with 
phosphate-buffered saline (PBS) or treated with IFN-p: 10 mice received 10 6 TU 
of IFN-P 24 h prior to virus infection. HI mice received 10" IU of IFN-3 12 h 
post-virus infection, and 10 aaee received PBS at 12 h postinfection. IFN-|3 and 
PBS were ddmmist i i it il inoculation 

Blood was colic tut it ill- ind serum *i sto e t ( inci 
lung, heart, kidney, spleen, and brain were collected at the times indicated for 

fixed it) 3 ml of 10% formalin. Histology samples were processed by standard 



methods. Samples for viral titers were snap frozen in ( relabeled cryovials in 
lisped nitrogen and subsequently stored at -MFC. 

Viral titers. Samples were homogenized in 10% ice-cold DMEM utilizing a 
Pnlytion iiomogeni/ar (Fisher Scientific, Whitby, Ontario. Canada). Viral titers 
were determined in L2 cells as described previously (24). 

Western blot analysis, I ia t i i t t i i i pre- 

lum unnumohl i | 1 

' t > 1 d ibed | ' i I) i 1 Mysatcs were resolved b) 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and resolved proteins 
were transferred to membranes and then immunoblotted with antibody to 
MHV-1 nucleoc i m , i me. i t si i In 1 VI n 

served as a loading control. 

RNA extraction arid cDN A synthesis. Animal tissues snap-frozen at -K0°C 
were thawed, and then RNA was extracted using Invitrogcn TRIZOL reagent, as 
lul.iniili in. i I t an i, db y ,„ pgRK\m 

Real-time PCR for detection of type I IFNs and FGL2. Reaction components 
were obtained from the LightCyciet FastSiat: l)N A Master SYHK green 1 ' 1 l:s I 
kit (Roche). The LightCycler instrument (Roche) and corresponding software 
were used for all reactions. The reaction eocdiiions used are as follows. The PCR 
was performed in a limit volume of 20 pi containing t > Master SYltR green- 

us 1 bultei, various amounts of primer, and 5 p.l of template cDNA (concen- 

1 I I r 1 v h till it i 

TTTCTCTTCTCTCAGTCTTC 3'; VFN-a2, 5' AAAGGGGAGCCTCCTCAT 
A and V ITitTFTCCTCGFCFYFGCTGA 3'; JFN-u-1, 5' CATGATC'CTAGT 
AATGATGAGCTACTACT 3' and 5' TCAAGAGGAGGTTCCTGCATCAC 
3'; IFN-a5, 5' CAAAGCCTGTGTGATGCAA 3' and 5' ACTCCTGCTCAAT 
CTTGCCA 3'; !FN-a9, 5' CCTCTGCTTTCCTGATGGTCT 3' and 5' CAGT 
TCCTTCATCCCG 3'; IFN-ctll, 5' CTGGCAAGATTGAGTGAAGAAGAG 
AAGGCT 3' and 5' ATAAACAAACAAATAAATAACAAATAGGTGCG 3'; 
TFN-al2, 5' AGCAAAATGGAGAGAACTGTCATAGA 3' and 5' ATGACA 
TTGCTAATTACTGTT 3'; IFN-p, 5' ACACAAGCTTAACCACCATGAACA 
ACAGGTGGATCCTCCACGC 3' and 5' GTTAGGAATTCTCAGTTTTGG 
AAGTTTCTGGTAAGTCTTCG 3'; Fgl2, 5' GTCACAGCCGGTTCAAC 
ATCT y and 5' TGTAGGCCCCACTGCTGCTC; and hypoxantbine 
phos mi losylt. uisfei is. (HPR1 - CAAGCJ rotTGOTGAAAAGGA 3' 
and 5' TGAAG 1'AC'I C.MTA TAG! CAAGGGCATATC 3'. Tile annealing 
temperatures and primer concentrations for the various genes utilized m real 
time PCR analysis are as follows: 1FN-oF PS°C and 10pmol; IFK-a2, 65°C and 
10 pmol; IFN-ot4, 65°C and 10 pmol; IFN-a5, 65°C and 10 pmol; IFN-u9, 55°C 
and 1(1 pmol; IFN-otll, 45°C and 10 pmol; IFN-t»12, 45°C and 10 pmol; IFN-p, 
MIX' and ?u pmol: Fgl2. 60'C and 10 pmol; ami HPRT, 60 C C and 20 pmol. 
Cytokine analysis. Serum cytokine levels were assayed rising cytometric bead 
i t in HI I s li tii Ontatio Canada) a Thill 2 at .1 m 

kit which detects 1L-2, IL-4, 1L-5, tumor necrosis facto, alpha (TNF-ot), and 
IFN-; and an inflammation kit which detects 11,-6, IL-10, CCL2 (MCP-1), 
IFN-7, TNF-o, and IH2p70. Serum samples were processed as per the manu- 
facturer's instructions and analyzed using a Baton Dickinson I'ACScan flow 

Immunohistochcmisto' and in situ hybrlili/suiou. (I) Dnuhlc-slainiiii; immii- 
nohistochtmistry to detect fgl2 and lilirin. Irirruinolu-toehemieal staining for 
detect ion of I he fgl2 prothrombtnase was used to assess fgl2 proihrombinasc 
expression in lung tissue. Tissues were fixed with 100% methanol prior to im- 
nrunostairai.g. A polyeloiial antibody to igF! prothromaunisc was produced 
in rabbits by re i i d i i th a 14-ami i j 1 t 

(CKLQADDHRD-PGGN) from exon 1 of the fgl2 prothrombim.se, which had 
lit 111 ltd i lii nun i il 1 vas | I ill t l 

columns, and, thereafter tissue nr ciilturtai cell slices were incubated with anti- 
body (20 (laPml m PUS). For fibrin detection, a rabbit ar.lillbrinoeeii antibody 
(D.ikoCytnm.uion, Carpinteria. Calif. J was utilized. Dual staining lot igla and 
fibrin was performed using a Vecastam ARC kii (Vcc-or F.ahorateines, Burlin- 
game, Calif.) with the second antibodies labeled with alkaline phosphatase ot 
horseradish peroxidase, respectively, bul .creeiit y sections were r u b l d with 
lmmunoDeroxidase-conjugated goat immunoglobidm G (6.7 u.g/ml). Sections 
e photographed with a Lcitz Laborl r i m'.cr e 

(ii) Immunoliistochemical staining for the infiltrating cells in lung tissue. 
Inhlnating tell n m tissue fi m A/J mi t 1 i let:/ b ith r it 
fection (day 0) and on days 2 and 8 post-MHV-1 infeetion by indireel irorau- 
nohistochemistry using a standard avidin-biotiu complex (ABC) immunoper- 
oxidase method. A rat anti-mouse F4/80 antigen (Serotec, Raleigh, NC) at a 
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TABLE 1. Ability of st 


rains of MHV to produce SARS lung pathology in BALB/cJ mice 




Classical feature ofSARS 






1 lisiopathology of strain' 1 : 






MHV-3 


MHV-A59 


MHV-1 


MHV-S 


MIIV-JIIM 


Congestion 
Edema 

1 1 membrane 
Inlcrslilia! thicKeningi 
Interstitial inllam^alion 
Alveolar infiltrate 
Bronchus 

Pattern of disease 


Pneumonitis 


Few foci 

Mild peribronchial 

inflammation 
Focal inflammation 


+ + + 
Focal 

Resolving pcribronclini! 

inflammation 
SARS-like (reversible) 


Pneutnon itis 


Normal 



Si hi sn n i it I In pi I I i il in m i I \' 1 7 mi Lit t 1 itl (hi ill n i iis i MII\ in 1 i li MU\ M 1\ \ o Ml l\ Ml l\ S it J 
MHV-JHM. Scores: -, absent; +, mild; + + , moderate; + + + , severe. Based on the findings, MHV- 1 produces the histopathologic piehne most compitlible with human 



1/100 dilution for detection of macrophages, a rabbit anti-human T-cell CD3 
cross-reactive with mouse (Sigma, St, Louis, Mo.) at 1/400 dilution for T 
cells, a rat anti-mouse CD45R/B220 (BD Pharmingen, Mississauga, Ontario, 
Canada) at a dilution of 1/50 for H cells, and a rat anti-mouse neutrophil 
(Ccdarlanc, Mississauga, Ontario, Canada! at a dilution of 1/flJ for neur.ro- 

For morphometry, 10 high-power fields )lr .i slide were counted. Positive cells 
were stained positive with iinniuiiupcrnxidaa; (brown). 

hi situ hyhriili/udiun. The mnln.il ca'ploye;! for m <iiu hybridization has been 
described previously (5). A diaoxigcuin (1)10)4 l-UTP (Roche)-labeled cDNA 

nucleotides 75n t M I ( ■ H, d \ i n. '< t , V , I V \OG4) The DIG- 

wilh chemilumu ih it u hi i d the piobes were stored at -S0°C. Tissue 
sections were deparaffinized in 100% xylene ana Kla'a alcohol, followed by 
prchybridization in S0% forma.ni.lc and 2X SSC (fx SSC is 0.15 M NaCl plus 
0.015 M sodium citrate). The hybridization mixture consisted of 50% deionized 



2 pg of DIG-la 



i an sullen 
1 cDNA p 



X SSC. The hybri 
an 85°C water t 
naught, llybridiza 



followed by application of .Via Plucking rcagc.u end incubation with polyclonal 
till Did 1 b ci iju led to alkali e; hat 1 cli. w ' t tounterstained 
Willi methylene green ami mounted Willi Pennoun! (Fisher Scientific, Whitby, 
Ontario, Canada) for viewing. 

Ifkcti-uii mi.:, oseopv. ii) Trnnsmissiuii clci tniii microscopy sample prepara- 
lion. Electron microscopy was pa formal on lung sun. pies stored at ~"C in 
I X e ill 1 1 I I | I I 

pll 7.2). Samples were postfixed with 1% osmium tctro.xidc diluted in phos- 
phate buffer, loU > 1 en 1 st i u _ with 2.5"' nn acetate. Samples 
were then dehydrated using e graded series of cthanol and treated with 
propylene oxide. lipnxy resin f.pon-Araldite Mas used as the embedding 
material, and sections were cut on a Riechert Ultracut E microtome and 
collected on 300 mesa copper grids. Samples were st.iined using uranyl 
acetate followed by Reynolds lead eilrale. (iritis were analyzed with a Hitachi 
14700(1 cieelron microscope at 75 kV. 

<ii) Imiminogold electron microscopy li ,n y.ei ixcu n a "o paraformal- 
dehyde and II. 1'" guilai aldehyde in 0.1 M phosphate tunica, pll 7.4, and then 
minced to 1 ■nun 3 canes in phosphate buifer, inluscd with 2.2 M sucrose prior to 
freezing in liquid nitrogen. Samples were then stored at -SS°C for 48 h in a 

, . i i i . 1 1 i i ' I 1 i 

Halifax, iNove Scott*. . a I ud ui d r id ; 1 ■ i . . 1 t< tl 

UV. Ultrathin sections were mounted on Formvar-coated nickc 1 grids. The 
ft ns er l t - 1 I I J i \ H *s ] protein; 

I e I I 11 11 1 11 I I I It- II 1 II 1 

particle complexes (Gli Healthcare. Pn-cataway, N T J.) and stained with uranyl 
acetate. The grids were examined using a JEOL JEM 1240 electron microscope 



RESULTS 

MHV-] produces SARS-like pulmonary disease in BALB/cJ 
mice. In a first set of experiments, we examined the ability of a 
large number of murine coronavirus strains, including MHV-1, 
MHV-A59, MHV-JHM, MHV-S, and MHV-3 to produce 
SARS-like pathology (Table 1). BALB/cJ mice were initially 
studied as they are known to be highly susceptible to many 
MHV strains when infected by the intraperitoneal and intra- 
cerebral routes. BALB/cJ mice inoculated with 10 5 PFU of 
MHV-1 intranasally developed pulmonary disease with partial 
characteristic features of human SARS, including interstitial 
pulmonary infiltrates, hyaline membranes, giant cells, conges- 
tion, and hemorrhage (Fig. la). In addition to diffuse pulmo- 
nary infiltrates, a few focal deposits of fibrin were seen around 
small arterial bloodvessels and in alveolar spaces with entrap- 
ment of platelets. Changes were noted as early as 2 days postin- 
fection and progressed to day 14. Clinically these mice became 
lethargic with rapid respiration, but all mice survived and pul- 
monary pathology resolved by day 21. Livers of MHV-1 -in- 
fect etl BALB/cJ mice sacrificed on day 8 showed portal infil- 
trates which by day 14 progressed lo portal-portal bridging 
(data not shown). In contrast, BALB/cJ mice inoculated intra- 
nasally with MHV-S and MHV-JHM developed neither liver 
nor lung pathology. Although MHV-3 and MHV-A59 pro- 
duced pulmonary lesions, these were milder than those gener- 
ated by MHV-1 and did not have the characteristics of lesions 
described in SARS-infected patients. In addition, MHV-A59- 
imd Ml IV-3-inlcclcd mice all developed severe hepatic necro- 
sis and died of liver failure by day 10, and thus these strains of 
MHV do not represent relevant models of SARS. Taken to- 
gether, these studies suggested that MHV-1 produced a mild 
SARS-like disease in BALB/cJ mice, a mild but significant liver 
injury, but the disease was transitory and all of the infected 
mice survived. 

MHV-1 infection of A/J mice produces clinical and patho- 
logical SARS-like disease with high mortality. Since the 
C57BL/6J, C3H/St, and A/J strains have previously been shown 
to exhibit various degrees of susceptibility to other coronavi- 
ruses, including MHV-3 and MHV-A59, we inoculated all of 
these strains of mice with MHV-1 intranasally. MHV-l-in- 
fected C57BL/6J mice developed only mild pulmonary- disease 
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FIG. 1. Histopathology ol MHV lung infection, (a) Histopathology of BALB/cJ mice infected with MHV-1 showing resolving interstitial 
pneumonitis. On day 2 postinfection, hemorrhage and inflammatory interstitial cell infiltrates are prominent. iJv day 7, hvaiine membranes can be 
seen (arrow), and by day 21. pneumonitis is resolving (hematoxylin and cosin t m m iimiiIi. n n "Mi, lb) H sr puhu... .( Mm 1 nl.ttid 
A/.T mice Tlie upper lei! panel l 1 1 I pu nl t li i 1 il 111 I i i i i [ 

upper right panel represents ? days post MHV injection, showing mononuclear infiltrates with nodular formation (hematoxylin and eosin slain; 
m ill Hi I 111,111! h ei ere diffuse pneumonitis with consolidation on d \ s p i,t kctton i m tuiihc moil 10(1) I In 

1 t panel el up of the I ft panel shown lear cell inhhrat II din m la i el rrow) (magnification, X»K)). 

(c) MHV J tnl'cctuei A/.T mice on day S posiinfeetien showing details of interstitial inllammalton and hyaline membranes (arrow). The right panel 
is a higher magnification (X500) of the left panel (X250) showing further details of hyaline membranes. 



similar to that seen in BALB/cJ mice by day 2 postinfection. 
The pulmonary disease progressed to day X, but. by day 14 
postinfection, the pulmonary lesions improved and completely 
resolved (data not shown). 

In contrast, A/J mice developed severe progressive pulmo- 
nary disease by day 2 post-MHV-1 infection and all MHV-1- 
infected A/J mice died within 7 to 10 days of infection. On day 
2, patchy interstitial alveolar thickening and fluid accumulation 
in alveolar spaces (pulmonary edema) were prominent. At 
death, lungs showed severe interstitial pneumonitis with large 
areas of complete consolidation of the lungs. The Interstitial 
inflammatory reaction included hyaline membranes, fibrin 
deposition, and heavy lymphocyte and macrophage infiltrates 
(Fig. lb and c). By immunohistochemistry, infiltrating cells in 
MHV-l-infected lung tissue from A/J mice were predomi- 
nantly macrophages and neutrophils on both day 2 and day 6 
post-MHV-I infection, as determined by morphometric anal- 



ysis. T cells (CD3 positive) were also increased in the infil- 
trates, especially by day 6 postinfection. In contrast, B cells 
were relatively unchanged. (Fig. 2a and b). 

Examination of the livers of MHV-l-infected A/J mice 
showed near normal histology to day 6, but on day 7 just prior 
to death, there was severe hepatic congestion compatible with 
lung and heart failure as described in humans (data not 
shown). 

Following infection with MHV-1, C3H/St mice showed an 
ni in di i pattern f resist iu usxep il ility and su 
C3H mice went on to develop chronic pulmonary changes 
including fibrosis and bronchial hyperplasia (data not shown). 
Thus, A/J mice are highly susceptible to MHV-l-induced pul- 
monary disease when the virus is delivered intranasallv, 
C57BL/6J are relatively resistant, and C3H mice have an in- 
termediate susceptibility. 

A/J, C3H/St, BALB/cJ, and C57BL/6J mice (n = 10 per 
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KKj. 2. (a) ImnumopcroxiJasc -lain:, of mf/araling cells in lung tissues Irom V1HV i infected A/.T mice. Co.umns represent days ij, 2, and 8. 
Rows represent different antibodies. Results are scored as follows: -, negative; +, mild positive ++, moderate positne i i marl Jj siii 

lost i i irU 1 t 1 T i I 1 s in u | h |H v I 1 I urn. no ilji - i Ol s tl i si I rim i in ' u c 

lightly stained. No iiililirate was scan. Score. 1 . (Day 2j Tama, tissue showing moderate infiltrate of macrophages. Score, + + . (Days) Lung with 
consolidated heavy infiltrate of macrophages. Score, + + -- W nl o' CD3 I eel is [ Da\ hLuntsh > u ti n itn ud^ tin 
si i mi _ Sn il (Di 2|1 in in n t ml n I I i i i tc S jie iDi M I j i_ ini i li hti md i n i < I c 

I h T >< o cs S< ii v I I hiii >> h lis Lung shows occasional positive B lymphocytes. Score, !-. (Bottom row) Neutrophils. (Day 

0) Lung with no positively stained cells in this micrograph. Score, -. (Day 2) Lung infiltrate with a small number of neutrophils. Score, I . (Day 
8) Lung consolidation and numerous neutrophils. Score, + ++. All micrographs are of iinmunoperoxidase-stained slides. Magnification. V400. (h) 
Morpl oi lelrii j ilysis I ije infiltration. Data are expressed on they axis as the number (mean > standard deviation) of positive 

cells per high-power field ( HFK). The number of days postinfection is given on the x axis The lung infi tt ite was a n i.xed cell tvpe with ; m irked 
increase in macrophages (F4/80), but increases in neutrophils and T cells (CD3 + ), especially by day 8 postinfection, were observed. 
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group) were inoculated intranasally with MHV-1 (5 X 10 3 
PFU) and monitored closely for clinical signs of disease and 
survival (Fig. 3a). A/'J mice, which are resistant to MHV-3 
infection, developed clinical signs of disease within 48 h of 
intranasal inoculation of MHV-1 infection and succumbed 
within 8 days. In contrast, although BALB/cJ and C57BL/6J 
mice developed pulmonary disease, these animals cleared virus 
by day 14 and all mice survived. C3H mice developed an 
intermediate paltcrn ol u p n'liiy with 40';; mortality (Fig 
3a). A/J mice were then inoculated with increasing concentra- 
tions of MHV-1 (5 X 10 3 to 5 x iO 3 PFU) intranasally, and 
survival was monitored to day 21 (Fig. 3b). In dose-rcsponse 
studies, the 50% lethal dose (LD 50 ) for A/'J mice infected with 
MHV-1 was calculated to equal 2.4 X 10 2 PFU using the 
method of Reed and Muench (43). 

Expression of FGL2/fibroIeukin is associated with pulmo- 
nary fibrin deposits. Fibrin deposition is a prominent feature 



of SARS (7, 16). Our previous studies of coronavirus-induced 
fulminant hepatitis demonstrated that cell surface expression 
of the immune coagulant fgl2/fibroleukin led to organ-damag- 
ing microvascular thrombosis (25, 30). We therefore examined 
lung tissue from both susceptible A/J mice and resistant 
C57BL/6J mice infected with MHV-1 for the presence of 
FGL2 inRNA transcripts, protein, and fibrin (Fig. 4). As shown 
in Fig. 4a, fgl2 protein was expressed by inflammatory cells and 
type 1 pneumocytes in juxtaposition to deposits of fibrin. Fur- 
thermore, by in situ hybridization, FGL2 transcripts were de- 
tected in the cytoplasm of terminal alveoli and respiratory 
bronchioles (Fig. 4b). Also of interest, the bronchial epithelial 
cells are fused, forming giant cells, a hallmark of human SARS 
(Fig. 4b). Lungs from BALB/cJ and C57BL/6 mice had neither 
FGL2 nor fibrin deposits. Real-time reverse transcriptase PCR 
(RT-PCR) quantification of FGL2 transcripts demonstrated 
increased FGL2 mRNA expression in the lungs of A/J mice at 
2 and 4 days postinfection, whereas FGL2 mRNA expression 
decreased in C57BL/6J mice post-MHV-1 infection (Fig. 4c). 

Virus localization and viral burden in MHV-l-infected mice. 
A detailed examination of the lungs was made using transmis- 
sion electron microscopy and immunogold electron micros- 
copy on MHV-1 lung samples, On day 1 postinfection, virions 
were identified in the peripheral airways adjacent to capillaries 
in the alveolar walls (Fig. 5, left panel). A cluster of virions is 
seen at the arrow. The same particles are seen at higher mag- 
nification in the panel on the right. The virus particles occurred 
singly or in clusters. Individual particles were easily recognized 
by their uniform size and electron density. This result is im- 
portant because it confirms that the virions reached the distal 
airways. There is also evidence of reaction to the viruses by the 
greatly enhanced vesicular activity noted in the capillary 
shown; it reflects the transport of fluid across the cell, which is 
greatly enhanced. It is a manifestation of edema formation, 
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FIG. 3. Effect of MHV-1 on survival of inbred strains of mice, (a) Effect of MHV-1 infection on survival of BALB/c, C57BL/6J, A/J, and 
C3H/ST mice (n = 10 per group). Pane; b shows the effect of increasing doses of MHV-1 on survival of A/J mice. Data were used to determine 
the LD ; „ by the method of Reed and Muench (43). 
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no. 4. Localization of fibrinogen-likc protein (tgl2t and fibrin by immunohistochcmistry and in situ hybridization in lung tissues from 
MI rV-l-in!'ecleci A;.! mice 2 days postinfection, i a) B\ iminunolustochcmist'.-y. btoncliial epithelium is positive lor fgl2 protein (blue staining, single 
arrow); dense fibrin deposits are seen along the wall of the bronchial (red staining, double arrow) (magnification, X400). (b) FGL2 mRNA 
transcripts are seen in bronchial lining cells ihlne staining, single arrow); many are fused, forming giant" cells (magnification, x-IGO), (e) The 
increased number of FGL2 mRNA transcripts in lung of MIIV-1 -infected A/J mice was determined H real-time K'R. In contrast, no increa.se in 
FGL2 mRNA transcripts was seen in lung in C57BL/6J mice. Data represent the mean ± standard deviation of three independent experiments 
done in triplicate. 



which is an early reaction to the presence of the virus. Note 
also the neutrophil in the capillary lumen. By day 4, there was 
a notable infiltrate as seen also by light microscopy with lym- 
phocytes, neutrophils, and macrophages. Electron microscopy 
showed extensive alveolar wall damage with fibrin, cell frag- 
ments, free red blood cells, virions, inflammatory cells, lym- 
phocytes, macrophages, and neutrophils (not shown). By 
day 8. the lung was consolidated: the electron microscopic 
examination confirmed the predominance of macrophages, 
which often occurred in sheets and were the predominant 
cells in the infiltrate. Many cell fragments and red blood 
cells were also seen; alveolar walls were largely destroyed. A 
striking finding was that the macrophages were filled with 
viral particles. Measurement of the particles using the elec- 
tron microscope point-to-point measurement software con- 
firmed the correct measurement of the particles as expected 



for coronavirus virions. To further confirm that they were 
indeed coronaviruses, immunoelectron microscopy was 
done, which confirmed their presence, their size, arid their 
occurrence within macrophages. Note the presence of gold- 
labeled antibodies localized to the particles within macro- 
phages. This is a very heavy infection of viruses; each mac- 
rophage is filled with virions. (Fig. 5) 

Viral burden in king, brain, spleen, and liver from both 
C57BL/6J and A/J mice was determined, using a standard 
plaque assay, as described previously (24). Virus was first de- 
tected in the lungs of A/J mice at 12 h postinfection, reached 
maximal levels by 48 to 72 h, and persisted at high levels until 
death of the animals on day 7 postinfection (Fig. 6a, left panel). 
Although virus was also recovered from the brain, liver, and 
spleen of MHV-l-infected A/J mice, it was detected later in 
the course of disease and at 4- to 5-log-fold-lower levels than 
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FIG. 5. Transmission electron microscopy (TEM [A to C]) and immunoelectron microscopy (IEM [D]) detection of virions in A/J lung tissues. 
(A) Virions (indicated by the arrow) are detectable in peripheral pulmonary airways; they are located outside the capillary wall of the lung on day 
1. Viral particles are in close proximity to l lie plasma membrane of ;m ciulol hclial cell within the alveolar wall. A neutrophil I darkly staining cell) 
is Observed within the blood >, «-l (B)Hi h n i ideation of panel A. Virions are adjacent to endothelial cell basement membranes. In addition, 
vesicles are api i lial cells ol al il i capillanes By TEM (C), the small dense particles are virions are packed into 

lysosomes within a macrophage. Virion size (as indicated, ranging from 65 to 90 nm in diameter) corresponds to MHV. By IEM (D), 10-nm gold 
particle mjugal d i ml MH > t il nibody are localized within pulmonary macrophages, confirming the viral nature of the particles. 
Virion diameters are 65 to 90 nm, typical of coronaviruses. 



that seen in lung tissue (Fig. 6a, left panel). Virus was also 
detected in the lungs of disease-resistant C57BL/6J mice by 
12 h postinfection, but at a lower titer than in A/J mice (Fig. 
6A, right panel). Maximal levels of virus were reached by day 
4, but no virus was detected by day 7 to 10 postinfection. 

Lung tissues were examined for the presence of nucleo- 
capsid protein by Western immunoblotting (Fig. 6b). In lung 
tissue from A/J mice, nucleocapsid protein was detected as 
early as 12 h postinfection and persisted to time of death of 
the animals on day 8 postinfection. Nucleocapsid protein 
was also detected in the lungs of C57BL/6J and BALB/cJ 
mice by day 2 postinfection and was detected even at 21 days 
postinfection at a time when infectious virus was undetect- 
able by plaque assay. 

Immune response to MHV-1: proinflammatory cytokine lev- 
els correlate with disease activity. In subsequent time course 
experiments, we examined the cytokine expression profiles in 
sera from MHV-l-infected A/J and C57BL/6 mice. Serum was 
collected from A/J and C57BL/6J mice both prior to MHV-1 
infection and at various limes postinfection and analyzed for 
IL-10, IL-6, IL-12p70, IFN-y, TNF-a, and macrophage che- 
moattractant protein 1 (MCP-1/CCL2) (Fig. 6c). Notably, we 
observed marked elevation of IL-6, IL-10, IFN-v, TNF-a, and 
CCL2 expression in infected A/J mice compared with infected 
C57BL/6 mice. In a separate set of experiments, sequential 
measurements of serum levels of TNF-a and IFN- y were un- 
dertaken in both resistant and susceptible mice ( Fig. 6d). At all 
time points postinfection, levels of both cytokines were higher 
in susceptible A/J mice. Levels of TNF-a peaked on day 6 
postinfection, whereas levels of IFN- 7 were highest at 2 days 



postinfection. These results parallel observations in SARS pa- 
tients. 

IFN response and protective effects of IFN-B in MHV-1- 
infected A/J mice. To investigate the IFN response in the 
differentially susceptible strains, lung tissues from MHV-1- 
infected C57BL/6J and A'J mice were examined for gene ex- 
pression for different IFN-ot subtypes and IFN-B. Notably, 
levels of IFN induction, as measured by gene expression, were 
significantly lower in A/J than in the C57BL/6J mice (Fig. 7a). 
Transcriptional activation of the early response IFNs, IFN-B, 
and IFN-oi4 was evident by 12 h postinfection, whereas gene 
expression for IFN-ctl, IFN-a2, and TFN-a5 reached maximal 
levels at 24 h postinfection and then returned to basal levels by 
day 7 postinfection. No virus-inducible gene induction for IFN- 
a9, IFN-all, or IFN-al2was detectable in either mouse strain 
challenged with MHV-1. 

(liven our observation that A/J mice exhibited lower levels 
of type I IFN expression in the lung, we next examined the 
effect of administering exogenous IFN-B on A/J survival in 
response to MHV-1 infection. In this experiment, A/J mice 
were infected and either left untreated or treated with IFN- p. 
Two different IFN treatment regimens were employed: a single 
dose of 10 s U/mouse at 24 h prior to virus infection or a single 
dose of 10 s U/mouse 12 h post-vims challenge. As expected, 
the mice in the untreated group all succumbed to MHV-1 
infection by day 5 postinfection with MHV-1 (Fig. 7b). Mice 
that received IFN-B 12 h post-virus inoculation exhibited an 
increased survival time, but all eventually succumbed to dis- 
ease. Mice that were treated with IFN-B 24 h prior to viral 
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challenge showed delayed onset of disease and an increased 
survival rate. 



DISCUSSION 

Although a number of models for SARS have been pro- 
posed, including SARS-CoV infection of mice (49), SARS- 
CoV infection of cats and ferrets (31), and SARS-CoV infec- 
tion of nonhuman primates (13, 32), none of the models 
produce lung pathology or mortality similar to that seen in 
humans. Thus, these models can be utilized at best for evalu- 
ating the effectiveness of agents, including neutralizing anti- 
bodies, putative vaccines, or antiviral agents on viral replica- 
tion. As reported herein, the MHV-1 mouse model produces a 
SARS-like clinical and pathological syndrome in which patho- 
genic mechanisms can be dissected. 

MHV-1 was first isolated in Mill Hill, United Kingdom, and 
was reported to cause fatal hepatitis in the inbred I* strain mice 

(10) . Even in early studies, the pathogenicity of the virus was 
variable and critically dependent upon a number of immune- 
modulating variables, including coinfection with enterococci 

(11) , Friend virus, or Moloney virus (9), and neurotropic and 
pneumotropic MHV-1 variants have been described (50, 52). 
Similarly, host age plays an important role in susceptibility to 
the virus; C57BL/6J, C3H, P, and Swiss Webster strains of mice 
have been noted to be very susceptible to intraperitoneal 
MHV-1 in the first 2 weeks of life, but .susceptibility decreases 
as they age (1.0, 51, 52). 

In the present study, we found that intranasal infection with 
MHV-1 produces a strain-dependent disease. The A/J mice, 
known to be resistant to the lethality of MHV-A59 and 
MHV-3 infection, all died following intranasal infection with 
MHV-1. Although BALB/cJ and C57BL/6J mice developed 
pulmonary disease, these animals cleared the virus by day 14 
and survived. C3H mice developed an intermediate pattern of 
susceptibility with 40% mortality. The cell infiltrates seen in 
MHV-l-infcctcd A/.T mice were predominantly macrophages, 
with modest numbers of CD3 + T cells and neutrophils similar 
to that seen in human SARS (16). Peak viral tilers were 10 4 - 
fold higher in susceptible A/J mice in comparison to resistant 
C57BL/6.I mice, an observation con finned by lung tissue elec- 
tron microscopy in which more virions wore present in A/J than 
C57HL/6.I and BAI.Bc.I lung tissue cells. Interestingly, virions 
were seen largely in pulmonary macrophages rather than epi- 
thelial cells, consistent with our previous observations in 
MHV-3-induced fulminant hepatitis. These findings argue that 
host factors are critically important for the development of 
SARS-like disease and suggest that, as for other coronavirus 
diseases, innate immune cells are an important reservoir for 
infection I he I nding tn t pi Imonu I tdon is strongly 
expressed in susceptible animals, but not in resistant ones, as 



discussed below, is also consistent with a role for the innate 
immune system in acute disease. 

Serum cytokines and chemokines were markedly elevated in 
susceptible A/J mice in comparison to those in resistant ani- 
mals following MHV-1. infection. These findings are consistent 
with other respiratory diseases. For example, the role of proin- 
flammatory cytokines in respiratory infections and acute respi- 
ratory distress syndrome has been previously documented (19, 
45). Elevated levels of chemokines including CCL2 and CCL3 
are seen in respiratory syncytial virus infections. Equally, ele- 
vations in ILip, TNF-a, IFN-7, and IL-12 have been reported 
in mice infected with human adenovirus (17). Patients with 
acute respiratoiy distress syndrome (ARDS) also have marked 
elevations in TNF-a and IL-6 (45). These elevated cytokines 
and chemokines may contribute to the immunopathology of 
SARS. Recently we and others have reported that serum con- 
centrations of IFN-7, IL-10, CXCL10, CCL5, and CXCL8 
were elevated in SARS patients, especially in those patients 
with a poor outcome. In SARS patients, expression levels of 
IL-10, IFN-7, and CXCL10 peaked within 4 days of peak viral 
titers, whereas IL-12p70, IL-4, and TNF-a were highest 5 to 7 
days after peak viral loads. Similarly, during MHV-1 infection 
of A/J mice, high levels of IFN-7 and TNF-a were seen after 
peak viral titers were observed. The fact that corticosteroids 
ameliorated disease in some SARS patients is consistent with 
the hypothesis that an immunopathological mechanism may 
underlie the lung damage associated with SARS (54) as it is 
known that corticosteroids inhibit formation of proinflam- 
matory cytokines. Furthermore, it has been reported that lower 
levels of both IL-6 and TNF-a are associated with better re- 
sponses to steroid treatment in ARDS (14, 54), 

We previously reported that MHV-3 induces FGL2, an in- 
flammatory immune coagulant, which results in fibrin deposi- 
tion and hepatic necrosis (24, 30). Tn the MHV-1 model of 
SARS, both FGL2 mRNA transcripts and fgl2 protein were 
also seen in close association with deposits of fibrin in diseased 
lungs from A/J mice, suggesting that this inflammatory medi- 
ator may be contributing to the pathogenesis of SARS as well. 
Previously we reported that the nucleocapsid protein from 
strains of vims that caused massive hepatic necrosis, including 
MHV-3 and MHV-A59, induced transcription of FGL2. At 
present, we have no information whether the N gene from 
MHV-1 similarly induces FGL2 transcription. More recently, 
we have reported that IFN-7 can induce macrophage produc- 
tion of FGL2 and that, although TNF-a alone cannot induce 
FGL2 transcription, it synergizes with IFN-y, leading to a 
marked enhancement in FGL2 transcription and subsequent 
thrombosis (8, 24, 30). In view of the findings of marked ele- 
vations of IFN-7 and TNF-a, both in the MHV-l-induced 



BALE c.l mice: lane J, uninfected control; lane 2, 2 days postinfection; lane 3, 8 days postinfection; lane 4, 14 davs postinfection; lane 5, 21 days 
postinfection, t 1 HI • nc. lane I, uninfected control; lane 2, 2 days postinfection; lane 3, S days postinfection; lane 4, 14 days postinfection; lane 
5. 21 days postinfection. Nucleocapsid protein was detected as a 50-kDa band. Measurement of fi-actin levels was performed to ensure equal 
leading of protein, w) Determination of inflammatory cytokines from uninfected and MHV-l-infected A/.l and C57BL/6 lungs on day 0 or 6 
postinfection, (d) Sequential measurements of serum levels of TNF-a and IFN-7 were undertaken in both resistant and .susceptible mice. At all 
time points postinfection, levels of both cytokines were higher in susceptible A/J mice. Levels ot TNF-a peaked d I tun \huia 

levels of TFN-7 were highest at 2 days postinfection. 
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12 b postinfection (inverted triangle) or (ii) treated with PBS at 12 h postin- 
fection ( i. Mice were mi i 1 i i il once daily. 



experimental model and in patients with SARS-C'oV infection, 
this could have relevance to disease pathogenesis. 

Based on the observation that intranasal infection with 
MHV-1 results in a dramatically more aggressive disease in A/J 
mice versus C57BL/6J mice, we examined whether the type 
and extent of the lung IFN response to infection might shape 
the outcome. A/J mice displayed significantly lower levels of 
type I IFN gene induction compared with C57BL/6J mice. 
Gene induction for IFN-a9, IFN-all, and IFN-al 2 was absent 
in response to MEIV-1 in both mouse strains. The kinetics of 
gene induction, namely early expression of IFN-p and IFN-ce4 
and later gene expression of IFN-al, IFN-a2, and IFN-a5, 
agree with the sequential phosphorylation and activation of 
IRF3 followed induction and activation of IRF7. We next 
examined the effect of IFN-p treatment on the course of viral 
disease in A/J mice. The data revealed protective effects of 
IFN-p treatment. Mice that received IFN-p 24 h prior to virus 
infection exhibited a delayed onset of disease and increased 
survival. At the end of the study, mortality had decreased from 
100 to 80% and 50% survival was extended from 3 to 8 days. 
Mice that received IFN-p 12 h post-virus infection also exhib- 
ited a delayed onset of disease, but survival was unaffected. 
The potential benefit of IFN treatment for respiratory corona- 
virus infections was reported in patients treated with IFN 
alfacon-1 during the recent SARS outbreak in Toronto. IFN 
alfacon-l-treated SARS patients displayed a more rapid recov- 
ery than patients treated with corticosteroids, in terms of time 
taken to resolve lung abnormalities, their oxygen saturation, 
their requirement for supplemental oxygen, and resolution of 
clinical measurements indicative of disease severity: lactate 
dehydrogenase and creatine kinase levels (29). 

Although it is unclear whether SARS will continue to be a 
major human health problem, the isolation of SARS-CoV 
from Himalayan palm civets and bats suggests that an animal 
reservoir for SARS-CoV continues to exist (21). Furthermore, 
bat feces is used in traditional Chinese herbal medicines for 
treatment of asthma and kidney ailments and general malaise 
and additionally bat meat is a delicacy. Therefore, it is quite 
possible that additional SARS outbreaks will occur. 

Thus, this model offers the potential to provide further in- 
sights into the pathogenesis of coronavirus-induced lung injury 
and the conttilnition of both the virus and host immune re- 
sponse. Furthermore, the data that we have generated in. our 
animal model has great relevance to the pathogenesis of hu- 
man SARS and support a role for IFN treatment as an effective 
therapy. 
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